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PROCESS FOR CHEMICALLY PRODUCED TONER 



Field of the invention 

This invention relates to chemically produced toners for use in the formation of 
5 electrostatic images, their process of manufacture, processes using them and to toner 
apparatus and components incorporating them. It further relates to any 
electroreprographic apparatus, component of the apparatus and consumable for use with 
the apparatus, which comprises such a toner, and to methods of manufacturing of such 
electroreprographic apparatus, components and consumables. 

10 

Related background art 

Toners for development of an electrostatic image are conventionally produced by 
melt kneading of a pigment, resin and other toner ingredients, followed by pulverisation. 
Classification is then needed to generate an acceptably narrow particle size distribution. 

15 Recently attention has been focussed on chemical routes to toners, where a 

suitable particle size is not attained by a milling process, which avoid the need for a 
classification step. By avoiding the classification step, higher yields can be attained, 
especially as the target particle size is reduced. Lower particle size toners are of 
considerable interest for a number of reasons, including better print resolution, lower pile 

20 height, greater yield from a toner cartridge, faster or lower temperature fusing, and lower 
paper curi. 

Several routes to chemical toners have been exemplified. These include 
suspension polymerisation, solution-dispersion processes and aggregation routes. 
Aggregation processes offer several advantages including the generation of narrow 

25 particle size distributions, and the ability to make toners of different shape. The toner 
shape is particulariy important in toner transfer from the organic photoconductor (OPC) to 
the substr ate, and in cleaning of the OPC by a blade cleaner. 

Several aggregation processes^ have been reportedr"OS"'4996*1 27' "(Nippon" " 
Carbide) reports a process in which black toner particles are grown by heating and stim'ng 

30 resin particles made by emulsion polymerisation with a dispersion of carbon black, where 
the resin contains acidic or basic polar groups. Numerous patents from Xerox (e.g. US 
5418108) describe a flocculation process where particles stabilised by anionic surfactants 
are mixed with particles stabilised by cationic surfactants (or where a cationic surfactant is 
added to particles stabilised by an anionic surfactant). US 5066560 and US 4983488 

35 (Hitachi Chemical Co.) describe emulsion polymerisation in the presence of a pigment, 
followed by coagulation with an inorganic salt, such as magnesium sulphate or aluminium 
chloride. The applicants' own patent applications WO 98/50828 and WO 99/50714, 
describe aggregation processes in which a surfactant used to stabilise the latex (i.e. the 

agn"^(OT3~idfspeTsion'of-the-resin)-and-pigmentHS-eoi^ 

40 to a non-ionic state, so initiating flocculation. 
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TO fonr, a permanent Image on the substrate. It is necessary to fuse or fix the toner 
oartioles to the substrate. This is commonly achieved by passing the unfUsed image 
be^een 1 rollers, with at least one of the rollers heated, it Is important that the toner 
not adhlre to the fuser rollers during the fixaUon process. Common failure niodes 
n^e at^-PPin9 (v*ere the paper follows the path of the roller, and offset (where 
^ toner image Is transferred to the fuser roller, and then back to a differan pari, of the 
!llr o to another paper sheet). One solution to these problems Is to apply a release 
Zel a silicone oil, to the fuser rollers. However this has many ^^^^^^'J^ 
r;il remains on the page after fusing, problems can be encountered '"^^ 
Led) printing, and the operator must periodically re-fill the oil dispenser. These PreWems 
have led to a demand for so-called -oll-less- fusion, in which a wax incorporated in «e 
'Z melts during contact of the toner with the heated fUser roller,. The molten wax acts 
as a release agent, and removes the need for application of the sill<»ne oil 

TheiB are many pioblems associated with the Inclusion of wax in a toner^ Wax 
present at the surface of the toner may affect the triboelectric charging and flow 
^~ir Jnd may reduce me storage stability of me toner by leading to toner blocKing^ 
p;oWem frequently encountered is «mlng of the wax onto the n^etering Nade and 
d^veloprnent rollers (for mono-component printers) or the earner bead (for dua^ 
rXt printers or copiers), and onto me photcconduCor d^m. W - «ma^ 
charging and/cr contact development are employed, and where cleaning <'^^^ ^ 
are used these can place an extra stress on (he toner and make rt more prone to fllming^ 
f he wax IS not werdispersed in the toner problems with transparency in colour oner^ 
«,n be found, and high haze values -esult. wm conventional toners, prepared by the 
Txlluston/pulverisation K.u.e. It has only proved possible to Introduce lelattvely small 
amounts ofwaxwHhout encountering the above problems. 

Wim colour toners, me demands on the toner to achieve oii-less release are mu* 
more severe man with monochrome printing. As typically four ^"^J'^!."^ V"^" 
■ -colour Frintini, the mass if toneV wfiiah-oarfW-deposilea per unit area is much higher 
TSul printing. Print densHles of up to arou... 2 mg/cm' -^^'^^^^HX 
colour printing, compared wim about 0.4-0.7 mg/cm' in monochrome pnnts. As me layer 
mlr ncreases « becomes more difncul, to melt the wax and obta n sa m 
release at acceptable fusion temperat>«s and speeds. Of cooise it ,s highly desirabte to 
minimise the fusion temperature, as this results in lower energy consumption and a longer 
Zm ^ me. mh colour prinUng H is also important that prints show.high transpare^^ 
,n addMon H is necessary to be able to control me gloss level. Inclusion of v«xes in colo^ 
loners can have detrimental effects on transparency, and can make it ditfteult to reach 

The'Jffl^ency of wax melting can be Increased by reducing me wax meHIng point 
-However this-often leads to increased etorege.stabillty problems. andJn^ore.pmn<«^cad 
filming of the OPC or metering blade. The domain size of the wax Is also important, as mis 
affects the release, storage stability and transparency of me toner. 
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The release properties of the toner can also be affected by the molecular weight 
distribution of the toner. Broader molecular weight distribution toners, which include a 
proportion of higher molecular weight (or alternatively cross-linked resin), generally show 
areater resistance to offset at higher fusion temperatures. However, when large amounts 
of high molecular weight resins are included, the melt viscosrty of the toner increases 
Which requires a higher fusion temperature to achieve fixation to the substrate and 
transparency. The haze values of the prints will then vary considerably wrth fusion 
temperature, with unacceptably high values at low fusion temperatures. Haze may be 
assessed using a spectrophotometer, for example a Minolta CM-3600d. following ASTM D 

Therefore the requirements for achieving an oil-less fusion colour system are 
severe It is necessary to achieve a reasonably low fusion temperature, with an 
acceptably wide release temperature window, including with high print densities. The 
prints must show good transparency with controllable gloss. The toner must not show 
blocking under nomial storage conditions, and must not lead to filming of the OPC or 

metering blade. . x • j « i«r,n 

In addition it is important that the quality of the prints is maintained over a long 
print run and that the toner is efficiently used. To achieve these goals there must be little 
development of the non-image areas of the photoconductor (OPC) and the toner must 
show a high transfer efficiency from the photoconductor to the substrate (or to an 
intermediate transfer belt or roller). If the transfer efficiency is close to IOO0/0 It is possible 
to avoid the need for a cleaning step, where residual toner is removed from the 
photoconductor after transfer of the image.^ However many electrophotographic devices 
contain a mechanical cleaning device (such as a blade or a roller) to remove any residua 
toner from the photoconductor. Such residual toner may arise either from developmen of 
the non-image areas of the photoconductor. or from incomplete transfer from the 
. photoconductor to the substrate or intemiediate transfer belt or roller. A high transfer 
efficiency is especiafly important for colour devicbs. where usually mor^ than one transfer 
step is required (for example from the photoconductor to a transfer belt or roller, and 
subsequently from the transfer belt or roller to the substrate). 

It is known in the art that the shape of the toner can have a pronounced effect on 
its transfer and cleaning properties. Toners prepared by conventional milling techniques 
tend to have only moderate transfer efficiencies due to their Irtegular shape. Sphencal 
toners may be prepared by chemical routes, such as by suspension polymerisation or by 
latex aggregation methods. These toners can transfer well, but the efficiency of cleaning 
with mechanical cleaning devices such as cleaning blades is low. 

It is therefore desirable to produce a toner which can satisfy many requirements 
simultaneously. The toner should be capable of fixing to the substrate at low temperatures 
by means of heated fusion rollers where no release oil is applied. The toner should be 
capable of releasing from the fusion rollers over a wide range of fusion temperatures and 
speeds and over a wide range of toner print densities. To achieve this it is necessary to 
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include a wax or o^er Internal release agent in the toner. This release agent mus« not 

rse — -s . --rr:r:«:: r— 

r;"; a " lo ^ ^-nn. ...e or -elo^en. ro,.r ,,or a 

Lnonenl device) or the carrier bead (for a dual- component device), or of the 
Z^rr nt «L me Shape of the toner must he controlled so as to give high 
.rW^efflcVenc from the photoconductor to the substrate or intemiediate transfer belt o 
Ter InTfr" Ctransfe^ beH or roller (where used, to the substrate. 1. a mechan,^ 
dl'lng device Is used the shape of the toner must also be such as to ensu,. efr,c«nt 
deanina of any residual toner remaining after Image transfer. 

Severa' patents exemplify aggregation processes where a single latex, made^ a 
one-stage emutelon polymerlsaUon process. Is aggregated with a wax d,spe,*K,n^ 
T-^^Z where a system based on counlerlonlc surfactants (i.e. an an,on,c and a 
rnrsunn.; :\sed include US e^.O and US ^2S^ (both to^erox 
Examples where an Inorganic coagulant is used include US 5994020, US 612096/ 
^^1^ a^ US 6268102 (all to Xerax). Mixed inorganic and organic coagulants are 
Z i^US 8190820 and US 6210853 (both to Xerox,. US 4996127 (Nippon Carb^^ 
e'mpLs a process in which a latex containing an acldicfunConal group ,s heated and 
stirred with a wax dispersion and carbon black to grow aggregate toner par*cles 

US 5928830 (Xerox) discloses a two stage emulsion polymensajon to make a 
core shell latex The shell Is made generally of higher molecular weight and/or Tg than the 
Tore. ?hlTa"x IS then mixed with p^men, and flocculated threugh use of countenon,c 

Qiirfartants Inclusion of wax is not exemplified. . . ^.xr ^ 

surfact^U. inc^ ^^^^ ^ ^^^^^ , 

molecu^afwelgh. to increase the fusion latKude. Each latex is made by 3 -gle stage 
^.Tr^Llon Toners were made by floccula«ng the mixed latexes w,t a p,gmenl 
S^erslon containing a countenonic surf actant. Inclusion 

• • - in ijs Wessie (Xerox) encapsulated waxes are made by cany,ng out fte 
emulsion polymensation In «.e presence of a wax dispersion. These emuls»n poVmers 
^ntalnlng wlx are mixed with non wax containing latexes of similar molecular weight, and 
toners made using a countenonic f locculatlon route. u , ™ 

JP 2000-35690 and JP 200(^98664 descnbe aggregation processes where a non- 
lonically stabilised dispersion of an ester-type wax Is aggregated with m«ed polymer 
emulsions Of different molecular weight. ki^^hc nf r^«,ins 

US 5910389. US 6096465 and US 6214510 (Fuji Xerox) disclose blends of res ns 
with different molecular weights, incorporating hydrocarbon waxes 
Ts-C US 6251556 (Fuji Xerox) also discloses blends of res.ns. as well as a two stage 
emulsion polmerisation to make a core shell latex. The only wax which is incorporated 's 

• a-hiqh-melting point-(t60 °e)-polypropylene-wax.-- - u^.Koon 
, control over the toner partide shape in aggregation processes has been 

demonstrated. US 5501935 and US 6268102 (Xerox) both exemplify sphencal particles. 
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^ Toners which are non-spherical, but" have low shape factors are disclosed in US 6268103 
Serox)- US 6340549. US 6333131. US 6096465. US 6214510 and US 6042979 (Fuj. 
XeroxV and US 5830617 and US 6296980 (Konica). Advantages of lower shape factors in 
improving transfer efHciency are shown in US 6214510 and US 6042979 (Fuji Xerox) and 

5 US 5830617 (Konica). However, none of these references discloses a toner for use .n a 
mono-component electroreprographic apparatus which is capable of demonstrating: 
release from oil-less fusion rollers over a wide range of fusion temperature and pnnt 
density high transparency for OHP slides over a wide range of fusion temperature and 
print density; high transfer efficiency and the ability to clean any residual toner ft-om the 

0 photoconductor. and the absence of filming of the metering blade, development roller and 
photoconductor over a long print mn. 

.«;iimmarv p f *h<^ invention ^. ^ * „ii 

Therefore, obtaining a suitable toner, and a process for making ,t. which meets all 
,5 the above raquirements is difficult and requires careful selection of the many possible 
components and parameters, each of which has constraints Imposed on physical and 
chemical properties by the final parameters of the system. , . „ .„ 

Adding to the present invention there is provided a toner for developing an 
electrostatic image comprising a binder resin, a wax and a " 
,0 the toner is made by flocculating a dispersion of the resin (latex), a dispersion of the wax 
Tnd a d perslon of the colorant, followed by heating and stirring to fom, composite 
dides containing the resln, wax and colorant, and then coa^sdng t^-e pa^'*= 
above the Tg of the resin, wherein the wax has a melting point of between 60 and 150 C, 
and the coalescence stage is controlled, such that: . ci^v„ p=riicle 

„ ■ (a) the mean circularity of the coalesced particles as measured by a Row Particle 

Image Analyser is at least 0.90; * -.ec ^ 

(b) the shape factor (SF) of the coalesced particles is at most 1 65: and 
Ic) the wix- exists in the coalesced -pa'rtlffles In domains of 2 m 'or less-mean ■ 

30 '""'"'"i^mean olrculartty of the coalesced parades as measured by a Flow Par«c,e 
image Analyser is preferably at least 0.93, mora preferably at least a94^ 

The shape factor (SF) of the coalesced particles is preferably at most 155, more 

p^terab^a, most 145. ^ ^^^^ ^^^^ ^^^^^ ^^^^^^ 

35 average molecular weight of at leas. 3, preferably at least 5, more 

we have found that by using an agg-egaUon process ^f^J^^ 
dispersions It is possible to incorporate wax in relatively high amounts (e.g abo,^ 5-15 
S w lu. P-blms of ..ocwng or filming, and without adverse effects on toner flow or 
locTIrge, or on print transparency, -n-e waxiP.present in the toner ,n domains of 

40 d ameter 2Mm or less, prefera* 1.5pm or less. Preferably, the wax ~ 

diameter O.SMm or greater. Preferably the wax is not substantially present at the surface of 
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*h tnner The relatively higlTwax levels allow oil-less release even at high print densities, 
wi^ut ^ui amounts of high weight average molecular weight (M.) res.n. 

T^a JsTxaL at low temperatures, and high transparency across a range of fusion 
Imoe aLs To achieve satisfactory oil-less release at high temperatures .t .s 
rcesC'ohave present polymer chains encompassing a wide range of molecular 
^Z^^tZ can be achieved eHher by mixing resin particles of ^dely different molecular 
righf or by synthesising a latex (i.e. an aqueous dispersion of resin) conta.n.ng a broad 
.oLlar weight distribution. A combination of both "J^^^J." .^^f ^^,3,3,^^ by 
Latexes may be made by polymerisation processes known in the art. preferably oy 
emulsion p ymerisation. The molecular weight can be controlled by "se <^ -ha-n 
emulsion p y . . ^y control of initiator concentration or by heating time. 

Zr*^bution and at leas, one latex with bimodal- molecular we,gh. **,bu ^n^ 
Zxl w«h a bln-odal molecular weight distribution may be made u-fl a^-««^ 
polymerisation. Preferably a higher molecular weight resin ,s made .hen ,^ se»nd 
stale a lower molecular weight resin is made in the presence of the firet '^ J^^ 
rS a b"^a, molecular weight disthbution ..sin is made containing both U>w and h^h 
mol«lr weight resins. This may then be mixed wHh a monomodal low molecular we«h 
Tes n "her aspect of the InvenUon, mree latexes can be used, where preferably a. 
Z rJf these show bimodal molecular weight distributions. In a ^rther preference, 
the second bimodal latex is of higher molecular weight than the first . „ 

Treferably the monomodal molecular weight latex is a low molecular we,ght latex 
and hasTumt^iaverage molecular weigh, of from 3000 ,o 10000, more preferably from 
al to ^00 me^ the binder resin is prepared from one bimoda, latex, the bimod^ 
r r^r^iy has a weight average molecular weigh, of from '° /"■'>°°^7°^ 
ptfeS fror^ 200,000 to 400,000. Where «,e binder resin is prepared from more than 
onJ wldal latex, one bimodal latex may opflonally have a weigh, average molecular 
weight from 500,000 .0 1,000,000 or more. ,. „=,torial hv 

The higher molecular weigh, resins may also certain cross^inKed r^^^J^ 
inclusiorof a multH^nCional monomer (e.g. dMnylben»ne or a muld-funCona. acr^ate) 
IttTr^n^ ma. .he overall molecular weigh. disWbuaon of «,e toner ,es,n shows 
Lie ^r more, more p^ferab^ 5 or more. The Tg of each resin Is pre^^rabiy ^om 
30 to 100 -C more preferably fl^m 45 to 75 X, most preferably from 50 to 70 C. If tt^e 
ra I «ie storage stability of the toner will be reduced, if the Tg ,s too i..gh, .he 

mervrcosity of .he resin will be raised, which w„l increase .he f«a«on tempe^u« a^d 
*e temperire required .o achieve adequate transparency. It ,s preferred that all the 

components in the resin have a substantially similar Tg. ^ 

The resin may Include one or more of the following preferred monomers for 
emulsion po^mensal: styrene a™. subsUUiUd s.y,enes ; acr,la.e and me-hacnj^^ 
, aW este,^ (e g. bu.yl acrylate, buM memacryla.e, me.hyl acryWe, me.hyl me*acn,la.e. 
S a^L or me.hacryla.e. oCyl acrylaU or mett,ac,yla.e. dodeoyl acrylate or 



SMC 60451 

^ methacnrtate etc.) : aonrlaTor methacrylate esters with polar functto^lity, tor example 
hvdr<rirr*oxy 10 add functionary,, hydroxy funcUonality being prBferred (particularly 
2ZZZZ^Z^. a-hydroxyethy. methac^ate. or hydroxy-.ennlna.ed po,y(e.hylene 
oS X a es oV memacrylates, or h,d,oxy-.ennina.ed poly(propylene o>ade) aoylates 
5 r m«es). examples oT monomers ^ carhoxyllc ac« .unc«cj,a ^ « 
acryllo acid and bete-carboxyethylacrylate ; vinyl %pe monomers such as ethylene 
Z!;^ene. bu.ylene, Isoprepe and butadiene : vinyl esters such as v,nyl ace^.e , omer 
monomerisuch as aaylonitrile, malelc anhydride, vinyl ethers^ ^ 

Prefen^d resins are copolymers of (1) a styrene or substrtuted sftrrene, (n) at leas. 
,0 one alkyl acvlate or methacrylate and (ill) an hydroxy*ncUonal acrylate or me*acrylate. 

T^e resin may be prepaid from . he following, no. used ,n emuls,on 
polymerisation: dispersions of polyesters, polyurethanes, hydrocarbon polymers, silicone 
Dolvmers, polyamides. epoxy resins etc. 

pl^erably, me latex is a dispe,sion in water. Optionally the latex d,spers,on further 
,5 comprises an ionic surfactan.; preferably the surfactant present on the d,spe,s,ons 
— a group Which can be converted from an ionio to a non-ionic form by adjustment 
Zh PrtfLd groups include carboxyllc acids or tertiary amines. Preferably, .he ,on,o • 
su^aCanThas a cha,,e of the same sign (anionic or caBonIc) as that of *e surfaCan. 
usedTn the wax and colorant dispersions described below. Optionally a non-,onc 
9(1 surfactant may also be Incorporated into the latex dispersion. 

,0 -rfactan. m^ ^ ^^^^ ^ ^17*°" ^ 

differential scanning calorimefry (dsc)) of from 50 to 150"C P" "J^ th, 

more preferably from 50 .o 110 -C, espedally from 65 to 85 -C. If the mpt ,s MSG C the 
^^se Poperies a. lower temperatures a« Inferior, especially where high pnnt densrties 

„ 1 usedT^e mpt is <50»C the storage stabllKy of the toner will suffer, and the toner 
may be more prone to showing filming of the OPC or metering blade. . . ^„ 

in a further embodiment of the Invention, the wax is made as a dispersion in wa^er 
preferably stabiUsSl wifh ari-fonic surfactant THS'lohitf surfaWant "is selected- fionrlhe- 
slme cesses as described above for the latex dlbperslon; preferably, *e »nic surfacten. 

30 haHhe Le sign (anionic or catlonlc) as the surfadan. used for .he latex dispersion 
described above and the ooloran. dispersion described below. The mean volume partide 
s^l of «.e wax in .he dispersion is preferably in .he range from 100nm to 2 Mm, more 
■ preferably from 200 .o 800 nm, most preferably from 300 to 600 nm, and -P-'* *3 
3^ .0 L nm. The wax partide size is chosen such that an even and co— 

35 IncorpoiaUon into the toner is achieved. The wax should be present in 

domains where the mean stee of the domains is at most 2 pm, preferably 1 .5 pm or le^. 
f the mL Size of the wax domains is > 2 pm, the transparency of the printed fl^ may be 
reduced, and the storage stability may decrease. The partide 

measured by a Coulter LS230 Partide Size.Analyser Oaser diffradion) andare me.volutoe 



40 mean. 
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The wax may comprise any conventionally used wax. Examples include 
hydrocarbon waxes (e,g. polyethylenes such as Polywax™ 400, 500, 600, 655, 725, 850, 
1000. 2000 and 3000 from Baker Petrolite; paraffin waxes and waxes made from CO and 
Hz . especially Fischer-Tropsch waxes such as Paraflint™ C80 and HI from Sasol; ester 
5 waxes, Including natural waxes such as Camauba and Montan waxes; amide waxes;- and 
mixtures of these. Hydrocarbon waxes are preferred, especially FIscher-Tropsch and 
paraffin waxes. It is especially preferred to use a mixture of Fischer-Tropsch and 
Camauba waxes, or a mixture of paraffin and Camauba waxes. 

The amount of wax incorporated in the toner is preferably from 1 to 30 wt% based 

10 on the total weight of toner, more preferably from 3 to 20 wt%, especially from 5 to 15 
wt%. If the level of wax is too low, the release properties will be inadequate for oil-less 
fusion. Too high a level of wax will reduce storage stability and lead to filming problems. 
The distribution of the wax through the toner is also an important factor, it being preferred 
that wax is not present at the surface of the toner. 

15 Advantageously, the toner is capable of fixing to the substrate at low temperatures 

by means of heated fusion rollers where no release oil is applied and is capable of 
releasing from the fusion rollers over a wide range of fusion temperatures and speeds, 
and over a wide range of toner print densities. Furthermore, it has been found that the 
toner according to the Invention does not lead to background development of the 

20 photoconductor (OPC) and does not lead to filming of the metering blade or development 
roller (for a mono-component device) or the carrier bead (for a dual- component device), 
or of the photoconductor. 

Advantageously, the haze values of prints using the toner of the invention do not 
vary considerably with fusion temperature. Haze may be assessed using a 

25 spectrophotometer, for example a Minolta CM-3600d. following ASTM D 1003. Preferably, 
the haze at a print density of 1.0 mg/cm^ is below 40, and the ratio of the values at fusion 
temperatures of 130 and 160°C is preferably at most 1.5 , more preferably 1.3 and most 
preferably 1.2. " ' ' 

Accordingly, the invention in another aspect provides a process for forming an 

30 image, the process comprising developing an electrostatic image using a toner according 
to the invention, wherein the haze at a print density of 1.0 mg/cm^ is below 40, and the 
ratio of the values at fusion temperatures of 130 and 160°C is at most 1.5 , preferably 1.3 
and more preferably 1.2. The fusion speed in the process may be at least 10 pages per 
minute, preferably at least 20 pages per minute. 

35 Preferably the colorant comprises a pigment. Any suitable pigment can be used, 

including black and magnetic pigments. For example carbon black, magnetite, copper 
phthalocyanine, quinacridones, xanthenes, mono- and dis-azo pigments, naphthols etc. 
Examples include Pigment Blue 15:3, Red 31, 57, 81, 122, 146, 147 or 184; Yellow 12, 
13, 17, 74, 180 or 185. Preferably, -the colorant is milled with an ionic surfactant, ^and. 

40 optionally a non-ionic surfactant until the pari:icle size is reduced, preferably to <300 nm, 
more preferably <100 nm. In full colour printing it is normal to use yellow, magenta, cyan 
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and black toners. However it is possible to make specific toners for spot colour or custom 
colour applications. When the colorant is milled with an ionic surfactant, the surfactant is 
preferably selected from the same classes of surfactant described above for the binder 
resin and the wax; more preferably the surfactant has the same sign as both the 
5 surfactants used above. The colorant dispersion is also preferably a dispersion in water. • 
The toner as described above may additionally optionally comprise a charge 
control agent (CCA); preferably the charge control agent has been milled with the 
colorant. Suitable charge control agents are preferably colouriess. Preferably, they 
include metal complexes, more preferably aluminium or zinc complexes, phenolic resins 

10 etc. Examples include Bontroh™ E84, E88, E89 and F21 from Orient; Kayacharge N1, N3 
and N4 from Nippon Kayaku; LR147 from Japan Cariit; TN-105 from Hodogaya. These 
can be milled in a similar manner to the pigment. Where the CCA is added externally, a 
suitable high-speed blender may be used, e.g. a Nara Hybridiser. Alternatively, the CCA 
may be added as part of the pre-flocculation mixture, preferably as a wet cake. 

15 According to the present invention, there is also provided a process for the 

manufacture of a toner according to the above which comprises the following steps: 
1. preparing a latex dispersion; 

ii. preparing a wax dispersion; 

iii. preparing a colorant dispersion; 

20 iv. mixing the latex dispersion, wax dispersion and colorant dispersion; and 

V. causing the mixture to flocculate. 
The process may further comprise, prior to step iv, the additional step of preparing a 
charge control agent component, which component may then be incorporated in step iv by 
mixing. The charge control agent may be milled with the colorant. 

25 Preferably, each dispersion is a dispersion in water. 

The latex dispersion preferably comprises an ionic surfactant. More preferably the 
preparation of the latex dispersion comprises mixing together at least one latex with 
monomodal molecular weight distribution and at least one latex with bimodal mdtecular 
weight distribution. The preparation of the latex with bimodal molecular weight distribution 

30 • preferably comprises the successive steps of formation of a resin of high molecular weight 
distribution followed by formation of a resin of low molecular weight distribution such that 
the resulting latex comprises composite particles comprising both the said low molecular 
weight resin and the said high molecular weight resin. The preparation of the wax 
dispersion in such a process preferably comprises the mixing together of the wax with an 

35 ionic surfactant The preparation of the colorant dispersion in such a process preferably 
comprises the milling together of the colorant with an ionic surfactant. 

It is preferred that the dispersions df latex, colorant, charge control agent where 
present, and wax have the same sign charge on the surfactant. This enables, individual 
components to be well mixed prior to flocculation. It is further preferred to use. the .same. 

40 surfactant for each of the individual dispersions. The mixed dispersions are then 
flocculated in step (v). Any suitable method could be used, e.g. addition of an inorganic 
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sal, an o.Banio coagulant, or by heating and stirring. In a preferred method, the surfactant 
o* en, on me dispersions oonWns a group which can be converted from an ,on,c »o a 
nontn c om, and vice versa by adjustment of pH. in a preferred example, the surfadan 
may contain a carboxyllc acid graup, and the dispersions may be m,xed a, neutral to h gh 
pH Bocculatlon may then be effected by addition of an add, which "n-rts the 
surfactant from anionic to non-Ionic, MemaUvely >he surfaCan, can be the acd salt of a 
ert^ al ne, used a, low pH. Flocculatlon may .hen be effeCed by addition of a base 
lloh c^lr^s the surfaCan, from ca,ionic ,o non-ionic fon.. The floccu,a„on s,ep « 
Teferably camad ou, below *e Tg of *e resin, bu, *e mixed dispersions may be he^ 
pnor .0 floccula,ion. Such processes as described above, allow a very e^aen ««e 
surfactant, and the abili,y ,o keep overall surfactant levels very low. -n»s is advanUgeou, 
Sin* residual surfaCant can be problemaUc, especially in affecBng tt,e cha^.ng 
proper,ies o, the toner. par«cularly a, high humidity. In addiUon. such P""^ *^ 
need tor large quanSties of salt, as .Bqulr^d for many prior art processes, which would 



"^^'"°;S^:^:'.'<:^la,ion s,ep (v), ,he process as described above may optionally 
comprise heating the flocculated mix,ure ,o fom. loose aggregates of P-*'« 
,o 20 urn once ,he conect particle size is established, the aggregates may be steblteed 
^gainst'uLr growth. This may be achieved, for example, by addiUon o further 
urfrlt, and/o?by a change in pH. The temper^u,. may «,en be raised a^ve the 
the resin to bring about coalescence of the particles within each aggregate. Dunng the 
ItepX shape of me toner may be controlled «,.rough selection of me temperature and 

*''TeTape of the toner may be measured by use of a Row Particle Image 
Analyser (Sysmex I^IA) and by Image analysis of Images generated by scanning electron 



microscopy (SEM). 

The circularity is defined as the ratio 



Lc7l 



where Lo is the circumference of a circle of equivalent area to the parOcle. and L Is the 
perimeter of the particle Itself. 

The shape factor (SF) Is defined as: 



SF = (maximum diameter^ x ^OQ^tlA 



area 



An average of approximately 1 00 particles is taken to deflne me shape factor for me toner 

The toner is designed for a printer or copier which does not employ a meo!«nJ5* . 
Cleaning device, it may be preferred to coalesce me toner untn ^ 
shape is attained. If. however, the toner Is designed for use in a pnnter or cop«r ,n which 
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a mechanical cleaning device is employed to remove residual toner from the 
phrcondudcr after image transfer, It ma, be preferred to select a smooth o«-sphencal 
s^ar^^re the mean cin:ular«y is In the mnge 0.9<W).99, preferably 0.93-om more 
0.94-0.99, and with, a SF 105-165. preferably 105-155, more preferably 105- 

The smoothness of the toner after the coalescence stage may also be assessed 
by measunng the surface a^a of the toner, for example by the BET me«,od. «^ prefe^" 
that the BET surface area of the unfomiulated toner is in the range 0.5-1.5 m Ig. 
preferably 0.6-1 .3 mVg, more preferably 0.7-1.1 m'/g. By unfom.ulated is meant the toner 
Drier to any optional blending wHh surface additives. 

Advantageously, the manner of making the toner accoKllng to the ,nvent,on 
enables the shape of the toner to be controlled so as to give both high transfer effiaenoy 
Z me photoc^nducor to the substrate or Inten^edlate transfer be,, or roller, and from 
ITt^nsfer belt or ™iler (where, used) to the substrate, as well as to ensure efllcen. 
cleaning of any residual toner remaining after image transfer. ,„ 

The cooled dispersion of coloured resin particles is then optionally washed to 

remove surfactant, and then dried. ^ 

The particles may then be blended with one or more surface additives to .rnp^ve 
the powder flow properties of the toner, or to tune the tribocharge properti^. TypK^I 
surface additives Include, but are not limited to, silica, metal oxides such as trtania and 
alumina, polymeric beads (for example acrylic or fluoropolymer beads and metel 
stearates (for example zinc stearate). Conducting additive particles may also be use* 
including those based on tin oxide (e.g. those containing antimony tin ox,de or ,nd,um l,n 
oxide). The additive partldes. Including silica, titania and alumina, may be made 
hydrophobic, e.g. by reaction with a sllane and/or a silicone polymer. Examples of 
hydrophobislng groups include alKyl haiosilanes, aryl halosilanes, alkyi a«coxys anes (e.g^ 
b!^l trimethoxysllane, iso-butyl trimethcxysilane and octyl tnmethoxysilane), anrt 
aikoxViliSSis- ■ ••he-xameih-yldisirazane. ■ -dimethylpolyslloxane- -and- 
onethylcydotetrasiloxane. Other hydrophobislng groups Include """-'^ 
amine or ammonium groups. Mbrtures of hydrophobislng groups can be used (for example 
mixtures of sllloone and sllane groups, or alkylsllanes and aminoalkylsllanes.) 

Examples of hydrophobic silicas Include tho?e comnhercally available from 
Nippon Aerosil, Degussa, Wacker-Chemie and Cabot Corporation. Specific e^nM- 
include those made by teactlon with dimethyldichlorosilane (e.g. Aerosil R972, t^974 
and R976 from Degussa); those made by reaction with dimethylpolys.loxane (e.g. 
Aerosil™ RYSO, NY50. RY200, RY200S and R202 from Degussa); those made by 
TJL 1 hexamethyldisilazane (e.g. AerosI,™ RX50, NAX50, 
and R812S from Degussa); those made by reaction with alkylsllanes (e.g. Aerosil R805 
and R816 from Degussa) and-those made-by .reaction w»h octamethylqrdQtetrasilPjaDe 
(e.g. Aerosil™ R104 and R106 from Degussa). 
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The primary particle size of the silicas used is typically from 5 to lOOnm. preferably 
from 7 to 50 nm. The BET surface area may be from 20 to 350 m»/g. preferably 30-300 
m^/g Combinations of silicas with different particle size and/or surface area may be used. 
Preferred examples of combinations of silicas wHh different primary P^^'^ 

5 Aerosll™ R972 (Degussa). or HDK™ H15 or H30 (Wacker); with Aeros.l RX50. RY50 
meaussa) or HDK™ H05TD. H05TM or H05TX (Wacker). Each additive may be used at 
• 0 1-5 0 wto^ based on toner, preferably 0.2-3.0 wt. %. more preferably 0.25-2.0 wt%. It .s 
possible to blend the different size additives in a single blending step, but it is often 
preferred to blend them in separate blending steps. In this case, the larger addrt^^e may 

10 be blended before or after the smaller additive. It may further be preferred to use two 
stages of blending, where in at least one stage a mbcture of additives of different particle 
size is used. For example, an additive with low particle size may be used in the first stage 
with a mixture of additives of different particle size in.the second step. Examples wou d 
include use of Aerosil™ R812S or R972. or HDK™ H15 or H30 in the first step, along with 

15 a mixture containing one of these additives with a larger additive (such as Aeros.l RX50 . 
or RY50 or HDK™ H05TD. H05TM or H05TX) in the second step. In such a case it would 
be preferred to use 0.2-3.0 wt'/o. preferably 0.25-2.0 wt% of the smaller additive in the first 
step, and 0.1 to 3.0 wt«/o. preferably 0.2 to 2.0 wt% of each of the additives in the second 

20 " \Miere titania is used, it is preferred to use a grade which has been 

hydrophobised. e.g. by reaction with an alkylsilane and/or a silicone polymer. The titania 
may be crystalline or amorphous. Where crystalline it may consist of rutile or anatase 
structures, or mixtures of the two. Examples Include grades T805 or NKT90 from Nippon 
Asrosil 

25 Hydrophilic or hydrophobic grades of alumina may be used. A preferred grade is 

Aluminium Oxide C from Degussa. 

It is often preferred to use combinations of silica and titania (e-S- R^/^j . 
R812S or H30 with NKT90):'or of silica,' titania and alumina (e.g. R972. H15. R8Y2S or 
H30 with NKT90 and Aluminium Oxide C). Combinations of large and small silicas, as 
30 described above, can be used in conjunction with titania. alumina, or with blends of titania 
• and alumina. Preferred formulations include those In the following list: 
hydrophobised silica ; 

large and small particle size silica combinations; 

hydrophobised silica and one or both of hydrophobised titania and hydrophilic or 
35 hydrophobised alumina ; u *u * 

large and small particle size silica combinations as described above and one or both of 

hydrophobised titania and hydrophilic or hydrophobised alumina. 

Polymer beads or zinc stearate may be used to improve the transfer efficiency or 

cleaning efficiency of the toners: Charge- control agents may be added In the- external- - 
40 fonnulation to modify the charge level or charging rate of the toners. 
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^ The total level of flow additives used may be from about 0.1 to about 10 wt%. 

preferably from about 0.5 to 5%. based on the weight of the base toner, i.e. pnor to . 
addition of the flow additive. The additives may be added by blending with the toner, 
using, for example, a Henschel blender, a Nara Hybridlser. or a Cyclomix blender 

(Hosokawa)^^^^^ may be used as a mono-component or a dual component developer. In 
the latter case the toner is mixed with a suitable carrier bead. 

The invention is particulariy suitable for use where one or more of the following 
hardware conditions of an electroreprographic device applies: 
10 i) where the device contains a developer roller and metering blade (i.e. where the 
toner is a moriocomponent toner) ; 

ii) where the device contains a cleaning device for mechanically removing waste 

toner from the photoconductor ; 

iii) where the photoconductor is charged by a contact charging means; 
15 iv) where contact development takes place; 

v) where oil-less fusion rollers are used; 

vi) where the above devices are four colour printers or copiers, including tandem 

machines . 
Advantageously, the invention provides a toner which satisfies many requirements 
20 simultaneously. The toner is particularly advantageous for use in a mono-component 
electroreprographic apparatus and is capable of demonstrating: release from o.l-less 
fusion rollers over a wide range of fusion temperature and print density; high transparency 
for OHP slides over a wide range of fusion temperature and print density; high transfer 
efficiency and the ability to clean any residual toner from the photoconductor. and the 
25 absence of filming of the metering blade, development roller and photoconductor over a 
long print run. 

In another aspect of the present invention, there is provided a process for 
manufacturing an electroreprographic apparatus and/or a component of the apparatus 
and/or a consumable for use with the apparatus, the process using a toner as descnbed 

30 above. . . . 

In yet another aspect of the present Invention, there Is provided an 
electroreprographic apparatus, a component of the apparatus and/or a consumable for 
use with the apparatus, which comprises a toner as described above. 

All weights referred to herein are percentages based on the total weight of the 

35 toner, unless otherwise stated. 

The Invention will now be illustrated by the following Examples, which are non- 
limiting on the invention. 



40 



1 ■ Preoarat'ion of Latexes 
11. Synthesis of Latex a -1 
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A low molecular weight resin was syntheslsed by emulsion polymerisation "me 
monomers used were styrene (83.2 wl%). 2-hydroxyethyl melhaoorlate (3.5 v.t« and 
Zrester monomers (13.3 wt%). Ammonium persulphate (0.5 wt% on monomers) was 
u ^as initiator, and a mMu^ ot thiol ohain transfer agents (4.5 wt%) was used as 
Tafn t^Lr agents. The surfactant was Akypo™ (a carboxylated alkyl ethoxylate a 
rCfuhct Ja. aurfactant, RLM100 (available from Kao, 3.0 wt% on -nomersV ^e 
emuNon had a particle size of 93 nm, and a Tg midpoint (as measured by drfferenfa^ 
"g calorime.^ (dsc), of 55 «C. GPC analysis against P°'^='vrene standees shc««d 
the resin to have Mn = 6,500, Mw = 14,000, Mw/Mn = 2.2. The sohds content was 30 
wt%. 

^^~f^^ a si.nar process to that used for Latex a-1. T.e e.u.sion 
had a particle size of 94 nm. and a Tg midpoint (as measured by differential scanning 
calorimetr/ (dsc)) of 53 "C. GPC analysis against polystyrene standards showed the res.n 
to have IVIn = 5.200. Mw = 14.000. Mw/Mn = 2.7. The solids content was 30 wt /o. 

1 3 Synthesis of Latex b-1 

A bimodal molecular weight distribution latex was made by a two-stage 
polymerisation process, in which the higher molecular weight portion was made .n the 
absence of chain transfer agent, and in which the molecular weight of the lower molecular 
weight portion was reduced by use of 2.5 wto^ of mixed thiol chain transfer agents. 
Ammonium persulphate (0.5 wt% on monomers) was used as the initiator, and the 
surfactant was Akypo™ RLM100 (available from Kao, 3 wt% on monomers). 

The monomer composition for the low molecular weight portion was styrene 
(82.5%. 2-hydroxyethyl methacrylate (2.5o/o) and acrylic ester monomers (1 5.0%) The 
Lrall monomer composition was styrene (73.85 wto/o). 2-hydj.xy ethyl m^^^^ 
-->«rt%)-andlcF^nc-eTternVi5Fo.?^^^^^^ (l9:9 ^;^%):Th-e e-muTslonliaaf a parf.^^^ size of78 nm 
and a Tg midpoint (as measured by dsc) of 67°C. GPC analysis against polystyrene 
standards showed a bimodal molecular weight distribution with Mn = 30.000. Mw = 
249.000. Mw/Mn = 8.3. The solids content was 40 wl%. 

1 a. Synthesi s of Latex b-2 ^^^i^o 

The latex was made in a similar manner to Latex b-1 . The emulsion had a particle 

size of 77 nm and a Tg onset (as measured by dsc) of 58 -Q. GPC analysis against 
polystyrene standards showed a bimodal molecular weight distribution with Mn = 26.000. 
Mw = 237,000. Mw/Mn = 9.1. The solids content was 40 wt%. 



-^-5-Svnthes is-of-lratex-b-3- ■ J"ZlrHr^ic. 

The latex was made In a similar manner to Latex B-1. The emulsion had a particle 
size of 82 nm and a Tg midpoint (as measured by dsc) of 64-C. GPC analysis against 
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polystyrene standards showed a bimodal molecular weight distribution with Mn = 29.000. 
Mw = 250.000. Mw/Mn = 8.6. The solids content was 40 wt%. 

2 Pinm ent dispersion . 

A dispersion of Pigment Red 122 (Hostapemi™ Pink E. Clariant) was used. The 
pigment was milled in water using a bead mill, with Akypo™ RLM100 (Kao) and 
Solsperse™ 27000 (Avecia) (a polymeric dispersant) as dispersants. The pigment content 
of the dispersion was 22.1 wt%. 

3. Way dis persion . ^ - ^ ^4 
^^us wax dispersion was used which contained an 80:20 mocture of 

Paraflint™ C80 (Fischer-Tropsch wax from Sasol) and Camauba wax. Akypo RLM 100 
was used as the dispersant. The mean volume particle size of the wax was approximately 
0 4 um and the solids content 25 wt%. Analysis by differential scanning calorimetry (dsc) 
of the dried dispersion showed the wax to have a melting point (peak position from the dsc 
trace) of approximately 76 "C 

4 Toner preparation 

4 1 Toner example 1 v ... • ♦ 

Latex a-1 ( 7150 g). Latex b-1 (825 g) the wax dispersion (1429 g). the pigment 
dispersion (475 g. containing 105 g Pigment Red 122) and a paste of Bontron E88 (308 
g. Orient, containing 60 g of Bontron E88) and water (19830 g) were mixed and stirred. 
The temperature was raised to 40°C. The mixed dispersions were circulated for 1 0 mins 
through a high shear mixer and back into the vessel. Then, as the material was circulating 
a solution of sulphuric acid was added into the high shear mixer to reduce the pH to 2.5. 
The temperature was then raised to 55°C. and stirring continued ^o^^J^r. AMionoi^^^ 

sodi^rf^dodicVWzen^^^^^^^^^^ ^"'^ ""'"^^^ 

sodium hydroxide solution was added to raise the pH to 7.3. The temperature was then 
raised to 120°G and stirring continued for a further 80 mins. Coulter Counter analysis 
showed the mean volume particle size was 8.7 urn and the final GSD was 1 .25. 
Microscopic analysis showed the toner particles to be of uniform size and of smooth, off- 
spherical shape. Analysis with.a Flow Particle Image Analyser (Sysmex FPIA.) showed 

the mean circularity to be 0.95 

The resultant magenta toner dispersion was filtered on a pressure filter, and 
washed with water. The toner was then dried in an oven. Analysis by GPC against 
polystyrene standards, showed the toner resin to have Mn = 3.500. Mw = 50.600. Mw/Mn 

"^'^"'^^nalysis-by^ransmission-eleetron-mieroseepy-F-EM)HSh0wed4he-pi:esence-o^^ 



domains in the toner, the domain size being approximately 1 .0-1 .5 Mm- BET surface area 
measurements showed the particles to have a surface area of 0.85 m /g. 
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A portion of the toner was blended using a Prism blender witli 0.5 wt % of 
Aerosil™ R812S (Degussa) hydropliobic silica. Analysis by SEM and image analysis 
showed the mean SF value to be 133. and the 50% value (from the cumulative distribution 
curve) to be 129. The toner was then printed in a monocomponent monochrome printer 
which had been modified to remove the fuser. to allow printing of un-fused images. 
Unfused print samples were prepared at 1.0 and 2.0 mg/cm^ using multiple passes 

through the printer. ^ .... • 

The images were then fused off-line using a QEA Fuser-Fixer equipped with a pair 
of heated oil-less fuser rollers. The fuser speed was set to 20ppm for images printed on 
paper, and lOppm for images printed on transparencies for an overhead projector. For the 
prints on both paper and transparency, no hot offset or paper wrapping was found to 
occur up to 1 75''C (the maximum fusion temperature studied) 

The samples printed and fused on acetates were examined using a Minolta CM- 
3600d Haze Meter, according to ASTM D 1003. The results are shown below: 



Fusion temperature CC) 



130 



135 



140 
145 



150 



155 



160 



165 



Haze % (H) 



1 mg/cm^ print density 



29.3 



25.6 



27.1 



26.8 



26.2 



25.1 



25.5 



24.4 



2 mq/cm^ print density 



42.5 



42.9 



40.8 



42.0 



40.4 



38.8 



39.5 



40.8 
40.3 



170 



23.4 



175 



23.2 



40.0 



Haze ratio HMWHneo) 



1.15 



1.08 



As can be seen the samples show minimal variation in haze with fusion 

temperature in the range studied. 

A separate sample of the toner was then printed in a similar printer, but this time 
with the fuser unit installed. A print run of 1000 text prints was carried out. and the masses 
of both the consumed toner, and the toner sent.to the waste tray were measured. From 
this a usage efficiency figure, defined as 

[1 -{(mass of toner sent to the waste tray) / (mass of toner consumed)}] x 100 
was calculated. The value was 93%. 



10 



15 



20 



25 
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After a 30d0 page print test there was found no noticeable background 
development on the photoconductor. and no photoconductor filming. 

4 2 Toner examples 2-5 

Other toners were made and tested in a similar way to Toner 1 . The latexes used 
are listed in Table 1 below, along with the circularity and usage data. 

Table 1 



Toner 


"a" Latex 


"b" Latex 


Mean 
circularity 
(FPIA) 


SF 
(mean) 


SF 
(50% 
value) 


Usage 
Efficiency 
(%) 


1 


a-1 


b-1 


0.95 


133 


129 


93 


2 


a-2 


b-3 


0.96 


154 


143 


96 


3 


a-2 


b-1 


0.96 


139 


135 


92 . 


4 


a-1 


b-2 


0.91 


161 


156 


94 


5 


a-1 


b-2 


0.91 


161 


152 


94 



Throughout the description and claims of this specification, the words "comprise" 
and "contain" and variations of the words, for example "comprising" and "comprises", 
mean "including but not limited to", and are not intended to (and do not) exclude other 
components. 

It will be appreciated that variations to the foregoing, embodiments of the invention 
can be made while still falling within the scope of the invention. Each feature disclosed in 
this specification, unless stated othenwise. may be replaced by alternative features serving 
the same, equivalent or similar purpose. Thus, unless stated othenwise, each feature 
disclosed is one example only of a generic series of equivalent or similar features. 

All of the features disclosed in this specification may be combined in any 
cerabjnatiea exjsiBt.eembin where at [east some of sych featyres and/or sLe.ps.are 
mutually exclusive. In particular, the prefen-ed features of the invention are applicable to 
all aspects of the Invention and may be used in any combination. Likewise, features 
described in non-essential combinations may be used separately (not in combination). 

It will be appreciated that many of the features described above, particularly of the 
preferred embodiments, are inventive in their own right and not just as part of an 
embodiment of the present invention. Independent protection may be sought for these 
features in addition to or alternative to any invention presently claimed. 
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Claims 

1 A toner for developing an electrostatic image comprising a binder resin, a wax and 
a colorant, characterised in that the toner is made by flocculating a dispersion of the resin 
(latex), a dispersion of the wax and a dispersion of the colorant, followed by heating and 
stirring to fomi composite particles containing the resin, wax and colorant, and then 
coalescing these particles above the Tg of the resin, wherein the wax comprises a wax 
having a melting point of between 50 and ISO^C. and the coalescence stage is controlled 
such that: 

(a) the mean circularity of the coalesced particles as measured by a Flow Particle 
Image Analyser is at least 0.90; 

(b) the shape factor (SF) of the coalesced particles is at most 165; and 

(c) the wax exists in the coalesced particles in domains of 2 pm or less mean 
particle size. 

2. A toner according to Claim 1 wherein the mean circularity of the coalesced 
particles is at least 0.93, preferably at least 0.94. 

3. A toner according to Claim 1 or 2 wherein the shape factor (SF) of the coalesced 
particles is at most 155. preferably at most 145. 

4 A toner according to any one of Claims 1. 2 or 3 wherein the BET surface area of 
the particles after the coalescence stage and before any optional blending with surface 
additives is 0.5-1.5 m=^/g. preferably 0.6-1.3 m^/g. and more preferably 0.7-1.1 m /g. 

5 A toner according to any one of the preceding Claims wherein the resin has a ratio 
of weight average molecular weight (Mw) to number average molecular weight (Mn) of at 
least 3, preferably at least 5. more preferably at least 1 0. 

6. A toner according to any one of the preceding Claims wherein the wax exists in the 
toner in domains of mean diameter 1 .5pm or less. 

7 A toner according to any one of the preceding Claims wherein the latex is prepared 
from at least one latex with monomodal molecular weight distribution and at least one 
latex with bimodal molecular weight distribution. 

8 A toner according to Claim 7 wherein the monomodal molecular weight latex is a 
low molecular weight latex and has a number average molecular weight of from 3000 to 
1 0000, preferably from 3000 to 6000. 
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^9 A toner according to either Claim 7 or 8 wherein the bimodai latex has a weight 
average molecular weight of from 100.000 to 500.000. preferably from 200.000 to 
400.000. 

5 10 A toner according to any one of the preceding Claims wherein the resin comprises 
a copolymer of (i) a styrene or substituted styrene. (ii) at least one alkyi acrylate or 
methacrylate and (ili) an hydroxy-functlonal acrylate or methacrylate. 

11. A toner according to any one of the preceding Claims wherein the latex further 
10 comprises an ionic surfactant. 

12 A toner according to any one of the preceding Claims wherein the wax has a 
melting point of from 50 to 130°C. preferably from 50 to 110 "C. more preferably from 65 
to 85 "C. 
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1 3. A toner according to any one of the preceding Claims wherein the wax comprises 
a wax selected from the group consisting of: a polyethylene wax, a paraffin wax. a 
Fischer-Tropsch wax and an ester wax, including Camauba wax. 

14 A toner according to any one of the preceding Claims wherein the amount of wax 
incorporated in the toner is from 1 to 30 wt% based on the total weight of toner, preferably 
from 3 to 20 wt%, and more preferably from 5 to 1 5 wt%. 

1 5. A toner according to any one of the preceding Claims wherein the wax dispersion 
25 comprises an ionic surfactant. 

16. A toner according to any one of the preceding Clairns wherein the colorant 
comprises a pigment. 



30 



17. • A toner according to any one of the preceding Claims wherein the colorant has 
been milled with an ionic surfactant. 



18. A toner according to Claims 11 and 15 and 17 wherein the Ionic surfactant 
comprised In the latex has the same charge sign as the ionic surfactants comprised in the 
35 wax dispersion and the colorant dispersion. 



1 9. A toner accorxiing to any of the preceding claims which further comprises a charge 
control agent. 
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^ 20. A toner according to claim 19 wherein the charge control agent has been milled 
vyith the colorant. 

21. A process for fonning an image, the process comprising developing an 
5 electrostatic image using a toner according to any one of the preceding claims, wherein 

the haze at a print density of ^.0 mg/cm^ Is below 40. and the ratio of the values at fusion 
temperatures of 130 and 160°C is at most 1.5 . preferably 1.3 and more preferably 1.2. 

22. A process for the manufacture of a toner according to any one of the preceding 
10 claims which comprises the following steps: 

I. preparing a latex dispersion; 

II. preparing a wax dispersion; 

III. preparing a colorant dispersion 

IV. mixing the latex dispersion, wax dispersion and colorant dispersion; and 
15 V. causing the mixture to flocculate. 

23. A process according to claim 22 wherein the latex dispersion comprises an ionic 
surfactant. 

20 24. A process according to claim 22 or claim 23 wherein the preparation of the latex 
dispersion comprises mixing together at least one latex with monomodal molecular weight 
distribution and at least one latex with bimodal molecular weight distribution. 

25. A process according to claim 24 wherein the latex with bimodal molecular weight 
25 distribution is prepared by a process comprising the successive steps of fortning a 

polymer of high molecular weight distribution followed by forming a polymer of low 
molecular weight distribution such that the resulting latex comprises composite particles 
comprising both said low mdecular weight polymer and said high molecular weight 
polymer. 

30 

26. A process according to any one of claims 22 to 25 which, prior to step Iv. further 
comprises the step of preparing a charge control agent dispersion, which dispersion is 
then incorporated in step iv by mcdng. 

35 27. A process according to claim 26 wherein the charge control agent is milled with the 
colorant. 

28. A process according to any one of claims 22 to 27 wherein the preparation of the 
wax dispersion comprises the mixing together of the wax with an ionic surfactant. 

40 
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^ 29. A process according to any of claims 22 to 28 Wherein the preparation of the 
colorant dispersion comprises the milling together of the colorant with an ionic surfactant 

30. A process according to claims 23. 28 and 29 wherein the dispersions of latex. 
5 colorant, wax. and charge control agept where present; have the same sign charge on the 

surfactant 

31 . A process according to claim 30 wherein the surfactant present in the dispersions 
contains a group which can be converted from an ionic to a noh-ionic fomn and vice versa 

10 by adjustment of pH. 

32 A process according to claim 31 wherein the surfactant contains a carboxylic acid 
group and the dispersions are mixed in step (iv) at neutral to high pH and the flocculation 
step (v) is then effected by reduction of pH. 

33. A process according to daim 31 wherein the surfactant contains a tertiary amine 
group and the dispersions are mixed In step (iv) at neutral to low pH and the flocculation 
step (v) is then effected by increase of pH. 

34. A process according to any of claims 22 to 33 further comprising heating the 
flocculated mixture obtained after step (v) to forni loose aggregates of particle size from 3 
to 20 pm. 

35. A process according to claim 34 further comprising heating the aggregates to a 
temperature above the Tg of the latex to Induce coalescence to fonn toner particles. 

36. A process according to claim 35 further comprising Wend[ng_the£a 
or more surface additives. 

37. A process according to claim 36 wherein the surface additives comprise one of the 
following: (i) hydrophobised silica ; (ii) large and small particle size silica (ill) 
hydrophobised silica and one or both of hydrophobised titania and hydrophillc or 
hydrophobised alumina ; (iv) large and small particle size silica and one or both of 
hydrophobised titania and hydrophilic or hydrophobised alumina. 

38. A process for the manufacture of an electroreprographic apparatus and/or a 
component of the apparatus and/or a consumable for use with the apparatus, the process 
using a toner as claimed in any of claims 1 to 21. 

39. An electroreprographic apparatus, a component of the apparatus and/or a 
consumable for use with the apparatus, which comprises a toner as claimed in any of 
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claims 1 to 21. 

40. An electroreprographic apparatus according to. claim 39 which: 
1) has a developer roller and metering blade ; 

ii) has a cleaning device for mechanically removing waste toner 
from a photoconductor ; 

iii) . has a photoconductor that is charged by a contact charging 

means; 

iv) uses contact development; 

V) uses oil-less fusion rollers; and/or 

vi) ' is a four colour printer or copier, including a tandem machine. 



